Background. Kidney failure is associated with muscle wasting and physical impairment. Moderate-to high-intensity strength training improves physical performance, nutritional status and quality of life in people with chronic kidney disease and in dialysis patients. However, the effect of low-intensity strength training has not been well documented, thus representing the objective of this pilot study. Methods. Fifty participants (mean ± SD, age 69 ± 13 years) receiving long-term haemodialysis (3.7 ± 4.2 years) were randomized to intra-dialytic low-intensity strength training or stretching (attention-control) exercises twice weekly for a total of 48 exercise sessions. The primary study outcome was physical performance assessed by the Short Physical Performance Battery score (SPPB) after 36 sessions, if available, or carried forward from 24 sessions. Secondary outcomes included lower body strength, body composition and quality of life. Measurements were obtained at baseline and at completion of 24 (mid), 36 (post) and 48 (final) exercise sessions. Results. Baseline median (IQR) SPPB score was 6.0 (5.0), with 57% of the participants having SPPB scores below 7. Exercise adherence was 89 ± 15%. The primary outcome could be computed in 44 participants. SPPB improved in the strength training group compared to the attention-control group [21.1% (43.1%) vs. 0.2% (38.4%), respectively, P = 0.03]. Similarly, strength training participants exhibited significant improvements from baseline compared to the control group in knee extensor strength, leisure-time physical activity and self-reported physical function and activities of daily living (ADL) disability; all P < 0.02. Adverse events were common but not related to study participation. Conclusions. Intra-dialytic, low-intensity progressive strength training was safe and effective among maintenance dialysis patients. Further studies are needed to establish the generalizability of this strength training program in dialysis patients.
Introduction
The number of patients with kidney failure treated by dialysis and transplantation in the USA has increased by 57% in the last decade, and its annual expenditure is estimated to rise to $28 billion by 2010 [1] . While long-term dialysis may extend survival, patients' quality of life and physical function remains poor [2] .
In the general population, factors associated with physical impairment and disability [3] include the loss of muscle mass and function with aging and the onset of catabolic chronic diseases [4] . Disabled individuals are unable to carry out activities of independent living (ADLs) and to maintain quality of life [4] . Disability predicts adverse health outcomes and health care needs [5] . Data from the Health, Aging and Body Composition Study [6] and the Cardiovascular Health Study [7] show that physical impairment can be detected in the early stages of chronic kidney disease. Frailty as determined by poor self-reported physical performance, exhaustion/fatigue, low physical activity and undernutrition was found to be prevalent among incident dialysis patients in the Dialysis Morbidity and Mortality Wave 2 Study [8] . Poor physical performance is associated with higher risk of death and hospitalization among dialysis patients [8, 9] .
Moderate-to high-intensity strength training improves physical performance, muscle mass and quality of life in chronic kidney disease (CKD) [10, 11] and dialysis patients [12] [13] [14] [15] [16] . Strength training also improves leisure-time physical activities [17] . The reported effects of strength training on physical performance, nutritional status and physical ac-tivity suggest that this exercise modality may be promising as an adjunct to routine care of dialysis patients. However, many older dialysis patients may not be able to perform moderate-to high-intensity strength training. The objective of this pilot study was to determine the safety and efficacy of an intra-dialytic low-intensity progressive strength training program in haemodialysis patients recruited from two dialysis units in the greater Boston area.
Materials and methods
The Clinical Trials Registration for this study is NCT00363961. The study was conducted between January 2005 and August 2007.
Population
Patients undergoing haemodialysis were recruited from outpatient dialysis facilities at Tufts Medical Center (Dialysis Clinic, Inc.) and Caritas St. Elizabeth's Medical Center (CSEMC), Boston, MA. Study procedures were approved by the Institutional Review Boards of each participating center. Informed consent was obtained from each subject prior to screening. Eligibility criteria included age ≥30 years, serum albumin <4.2 g/dl and haemodialysis thrice weekly for at least 3 months with ≥80% compliance. Exclusion criteria included unstable cardiovascular disease or any uncontrolled chronic condition; cardiac surgery, retina laser therapy, myocardial infarction, joint replacement or lower extremity fracture within the last 6 months; severe cognitive impairment; lower extremity amputation; or current strength training. Eligible participants were screened and recruited at their dialysis unit, where they had baseline testing followed by two familiarization sessions to strength and flexibility exercises. After familiarization, participants were randomized by allocation concealment to strength training or stretching exercises (attention control).
Intervention
Exercise sessions took place twice weekly during the second hour of haemodialysis for a total of 48 exercise sessions. Supervised sessions began with a 5-min warm-up and ended with a 5-min cool-down. Participants in the strength training group exercised their lower body only using ankle weights progressively in half-pound increments from 0.5 to 20 lbs (TKO, Houston, TX). Exercises included seated right/left knee extension with dorsi/plantar flexion (quadriceps muscle), seated leg curl with both legs keeping the heels pressed firmly against a chair while rolling the legs in and out (hamstrings), semirecumbent right/left inner leg raises (hip adductors), and semirecumbent dorsi/plantar flexion with straight legs (tibialis anterior, gastrocnemius and soleus muscles). Participants did a seated pelvic tilt (abdominal and lower back muscles) without using free weights. Two sets of eight repetitions were performed for each exercise with a 1.5-s concentric phase, a 0.5-s pause in the lifted position and a 3-s eccentric phase; assuring 1-2 min rest between sets. Exercise intensity was assessed by the rate of perceived exertion (RPE) modified OMNI Scale [18] , with a target moderate intensity of 6 (somewhat hard) out of 10 (extremely hard), equivalent to 60% of a one-repetition maximum [19] . The first eight exercise sessions were done with none or little weight and progressed based on participants' ability to complete two sets of eight repetitions with proper form and a RPE rating of 2-4 (easy to somewhat easy). Strength exercises were developed using information obtained from a feasibility phase conducted at Tufts Medical Center prior to the study.
Attention-control participants did stretching exercises with light resistance bands (TKO, Houston, TX), using right/left dorsi/plantar ankle flexion, right/left ankle rotation, right/left calf stretch, right/left hamstring stretch and right/left inner thigh stretch. These exercises were done in the semirecumbent position, held for 20-30 s and repeated twice. All participants were asked to continue their usual activities, including physical activity and diet, and to report any changes in health status or medications.
Safety
A Data Safety Monitoring Board (DSMB) was planned as per study protocol and assessed adverse events and their association with study participation and any proposed change in protocol. Four DSMB meetings were held.
Study outcomes
The primary study outcome was physical performance ascertained by the Short Physical Performance Battery (SPPB) score, which includes objective performance-based measures of strength (five chair stands), endurance (4-m gait speed) and balance (side-by-side, semitandem and tandem). Each component was scored from 0 to 4 and when summed yielded SPPB scores between 0 (poor) and 12 (best) performance [20] . Poor physical functioning-the hallmark of frailty-predicts disability, recurrent hospitalization, institutionalization and death in the general population [5, 20] and in patients with kidney disease [8] . For example, SPPB scores <7 have been shown to be prognostic of disability, institutionalization and death [5, 20] , suggesting that functional status is a key aspect of quality of life and survival. Secondary outcomes included knee extensor strength measured with a Nicholas Manual Muscle Tester (Lafayette, IN), which has been shown to correlate with isokinetic knee extensor strength in the general population (r = 0.85, P < 0.01) [21] . Lean and fat mass were determined by dual X-ray absorptiometry (DXA) using a Hologic QDR2000 scanner (Waltham, MA) with coefficients of variation of 1.4% for lean and 1.8% for fat mass [22] . Self-reported measures of quality of life included physical activity and the Medical Outcomes Survey Short Form (SF-36) physical and mental component summary scores (PCS and MCS, respectively) using the eight domains of the SF-36 questionnaire [23, 24] . Past, 7-day, leisure-time physical activity was assessed using the Physical Activity Scale for the Elderly, which is a 10-item questionnaire yielding scores between 0 (no activity) and 400 (greatest activity) [25] . Self-reported disability was assessed using 12 items from the Activities of Daily Living (ADL) questionnaire and summary scores calculated. Higher summary scores are indicative of disability [26] .
Outcome measures were ascertained in the middle of the week prior to haemodialysis by two testers. For each participant, outcome ascertainment was performed by the same tester throughout the study to reduce intertester error. Measures were done at baseline (prior to randomization, 'pretesting') and after completion of 24 ('mid-testing'), 36 ('posttesting') and 48 ('final-testing') exercise sessions. Blinding of testers was not feasible. However, most measurements of physical performance were taken in duplicate. At the start of the study, we had intended to use the final-testing SPPB score for the primary outcome, but based on the number of interruptions in training due to patient illnesses or hospitalizations, we decided to use the posttesting SPPB score instead and to carry forward mid-testing score data as necessary. This change in analysis plan was made 3 months into the study, prior to examination of any outcome data and with concurrence of the DSMB.
Statistical analysis
Data are shown as mean and standard deviation (SD), median and interquartile range (IQR) or numerical (and percentage). Percent changes in primary (SPPB score) and secondary outcomes (muscle strength, body composition and quality of life) were calculated as [(Post minus Pre/Pretesting) × 100%] and used for group comparisons. Comparisons between the treatment and control groups at the baseline and at the post exercise testing time points were assessed by independent sample t-test for normally distributed variables, the Mann-Whitney U-test for variables that were not normally distributed (SPPB and PASE scores) and the chi-square test or Fisher's exact test for categorical variables. Spearman's rank coefficient of correlation analysis was used to assess associations between primary and secondary outcomes. Analyses were performed using SPSS 16.0 for Windows (SPSS, Inc., Evanston, IL) and the SAS System for Windows 9.2 (Copyright (c) 2002-2008 by SAS Institute Inc., Cary, NC, USA). Results were considered statistically significant at a P value <0.05 (two-tailed).
Sensitivity analysis on the primary outcome was run using multilevel (mixed) model analyses of changes in SPPB over time between the treatment and control groups. For this purpose, four versions of the model were run. Version 1 was based on complete data (excluding dropouts) for pre, mid and posttesting visits with visit number (0 = pre, 1 = mid, 2 = post,used as the measure of time rather than the testing visit number. In Versions 3 and 4, the time points were not equally spaced for each participant in the study. Each mixed model included the randomization group as a predictor of both initial SPPB status and the rate of change in SPPB over time. These analyses were performed using Proc Mixed in SAS, Version 9.2 [27, 28] .
Results

Recruitment
Two hundred and fifty dialysis patients were assessed for eligibility (Figure 1 ), 151 at Tufts Medical Center and 99 at St. Elizabeth's Medical Center. Of these, 59 consented to enrol in the study, of whom 50 were randomized and 44 were analyzed (35 from Tufts Medical Center and 9 from St. Elizabeth's Medical Center). There were no differences in sociodemographic or clinical characteristics between participants enrolled (n = 59) and those refusing participation (n = 56). Similarly, there were no differences between patients assessed for eligibility by dialysis center or among those who were randomized and dropped out before the intervention (data not shown).
Baseline characteristics
There were no differences in baseline characteristics between groups, except for a trend toward shorter duration in haemodialysis in the strength training group (Table 1) . At baseline, 50% of participants had SPPB scores below 7, and 77% reported difficulty with at least one ADL. Base- line SPPB scores were inversely related with age (r = −0.46, P = 0.002).
Exercise intensity
The average weight lifted and self-reported RPE of all sessions combined for each strength exercise that used free weights are shown in the online supplemental table.
Exercise trainers were able to progressively increase the amount of weight lifted by the participants, while ensuring good exercise technique and safety, despite RPEs falling below 6 (moderate intensity).
Study outcomes
Completed posttesting measures were available in 39 participants ( Figure 1 ). Of the 11 participants missing posttesting data, five had mid-testing data carried forward. Forty-four participants were analyzed (22 per group). SPPB scores are shown in Figure 2 and Table 2 . SPPB posttesting scores significantly improved with strength training compared to the control group [21.1% (43.1%) vs. 0.2% (38.4%), respectively, P = 0.03]. The improvement was due to an improvement (reduction) in chair stand time with strength training compared to a worsening (increase) in the attention-control group (−16.4 ± 43.3% vs. +31.1 ± 34.5%, P = 0.04). Balance and gait speed did not change in either group. Sensitivity analysis showed that the changes (improvements) in SPPB over time were significantly greater in the strength training group compared to the attention-control group for Version 1 which excluded dropouts, and only data from pre, mid and posttesting visits were used. The increase in time was marginally significant (P < 0.10) when data from the final visit and dropouts were included (Version 2). In all four versions of the model, the estimated rate of change, or improvement, in SPPB over time in the treatment group was significantly greater than in the control group.
Secondary outcomes of physical performance and nutritional status are shown in Table 2 . Knee extensor lower body muscle strength improved significantly with strength training compared to controls. The percentage changes seen in Data are mean ± SD, median and interquartile range (IQR) or number (and percent) as appropriate. To convert serum creatinine in mg/dl to μmol/l, multiply by 88.4, and serum albumin in g/dl to g/L, multiply by 10. ADL disability refers to self-report difficulty with performing at least one activity of daily living. * Baseline comparisons were assessed by independent sample t-test for normally distributed continuous variables or Mann-Whitney U-test for variables not normally distributed (SPPB score) and chi-square test for categorical variables, except for ethnicity and aetiology of kidney failure for which Fisher Exact test was reported. a Dual X-ray absorptiometry (DXA) performed in 21 participants per group.
SPPB score were positively correlated with those seen for knee extensor strength (r = 0.33, P = 0.03). Whole-body lean mass increased significantly with strength training, while fat mass was reduced ( Table 2) . Self-reported physical activity, physical function and ADL disability summary scores were also improved with strength training compared to controls (Table 3) .
Study adherence
Mean adherence to exercise was 89 ± 14% in the strength training group and 90 ± 17% in the attention-control group (P = 0.8). Interruptions in exercise continuity were due to hospitalizations not associated with the study or adverse events as described below. We calculated the percentage of exercise sessions completed in 24-28 consecutive weeks with no interruptions. The percentages observed were 85 ± 15% and 89 ± 11% in the strength training and attention-control groups, respectively (P = 0.09). There were 11 participants in the strength training group and eight in the attention-control group who experienced one or more interruptions in exercise continuity and, as a result, needed more than 24-28 consecutive weeks to complete the 48 exercise sessions (P = 0.3).
Adverse events
No exercise-related injuries were reported. Occasional muscle soreness and cramping were reported during exercise that resolved spontaneously in a few days. Blood pressure and heart rate were stable during exercise. Frequency of adverse events was similar in both groups, with 13 strength training participants and 12 attention controls reporting at least one adverse event (P = 0.5). These included dialysis access issues, depression, arrhythmia, myocardial infarction (participants had to wait 6 months before being screened and re-enrolled into the study), gastrointestinal bleeding, constipation, diarrhoea, fall-related injury, hypotension due to hypovolaemia, infection, bacteraemia or death. None of these adverse events occurred during exercise. The DSMB determined that none of these events were related to study participation. However, 67% required hospitalization and medical clearance to resume exercise contributing to the low number of participants undergoing final testing. Data are mean ± SD or median and interquartile range (IQR) for Short Physical Performance Battery (SPPB) Score. Leg lean mass includes both legs. * Baseline (pre) and post exercise (% changes from baseline) comparisons between the strength training and attention-control groups were assessed by independent sample t-test for normally distributed continuous variables or Mann-Whitney U-test for variables not normally distributed (SPPB score). 
Discussion
This randomized controlled trial shows that intra-dialytic, low-intensity progressive strength training was safe and beneficial among haemodialysis patients. Strength training resulted in significant improvements in physical performance (SPPB score and muscle strength), accompanied by significant improvements in nutritional status (increased whole-body and leg lean mass and decreased fat mass) and in self-reported quality of life. Most participants in the present study were physically impaired, chronically ill and older. Physical impairment was evidenced by a low SPPB score, which has been shown to predict disability when scores are less than 7 [5, 20] . We also found that low SPPB scores were significantly associated with older age. Objective measures of physical performance assessed with SPPB are strength, endurance and balance. These are used to discriminate functional capacity and health outcomes in populations at risk like the older adult and those with chronic conditions [20, 29] . In our study, SPPB score-the primary study outcome-increased significantly with strength training. In older adults, a change in SPPB score of about 1.0 point, similar to that we observed, has been suggested as clinically meaningful [30] . It is possible that a change in SPPB of such magnitude may have the ability to discriminate and/or monitor health-related quality of life in vulnerable populations like the one we studied, but more information is needed to make such a conclusion. The change in SPPB score was directly associated with knee extensor strength, suggesting that impairment and functional capacity may be benefited in similar ways with strength training. Taken together, these findings suggest that intra-dialytic, low-intensity strength training is a promising intervention to prevent and potentially revert functional decline in dialysis patients known to be physically impaired [31, 32] and disabled [8] .
The beneficial effects of intra-dialytic, high-intensity strength training on physical performance, nutritional status (body composition) and physical activity have been evaluated in dialysis patients [12] [13] [14] [15] [16] . The study by Johansen et al. [16] was a 2 × 2 factorial trial of anabolic steroid administration and strength training for 12 weeks conducted in middle-age dialysis patients. The study by Cheema et al. compared strength training to usual care in dialysis patients who were 63 ± 14 years old. Testing measures were carried out after 12 [14] and 24 [15] weeks of training. The study by Kopple et al. [13] compared the effects of 21 weeks of strength training, endurance training or both in dialysis patients who were 43.6 ± 3.3 years old. Exercise adherence rates for these studies were similar to those we obtained.
In the Johansen et al. study [16] , participants assigned to strength training had significant increases in knee extensor strength, similar to our findings. In contrast, they did not find significant increases in physical performance or changes in lean body mass by DXA, while significant (albeit small) increases in fat mass were seen. They, however, showed increases in measures of mid-thigh muscle mass, which we did not perform. Self-reported measures of physical activity and physical functioning were significantly improved with strength training in both the Johansen et al. and the present study. Possible explanations for the discrepancy in the results between these two studies may be the shorter duration of the Johansen et al. study and that the participants in the present study were more disabled and had more comorbid conditions, hence a greater potential to benefit from a strength training program of lower intensity. In the Cheema et al. studies [14, 15] , participants assigned to strength training had significant improvements in physical performance, muscle strength and self-reported physical function, similar to our findings. Participants in these studies were similar in age, number of chronic conditions and medications. In the Kopple et al. study [13] , younger participants assigned to strength training had a significant increase in fat-free mass. These changes paralleled transcriptional changes in genes favoring skeletal muscle protein synthesis. Such molecular changes are associated with enhanced physical capacity [33] . In our study, changes in physical performance parallel those of body composition, suggesting that skeletal muscle anabolism may be possible with low-intensity progressive strength training. Such anabolic response has been reported with acute strength training incorporated to intra-dialytic oral nutritional supplementation in young (38 ± 11 year), relatively healthy, dialysis patients [12] and should be investigated further.
In the present study, physical activity outside of the study improved with strength training. This was similar to that reported in participants with poorly controlled diabetes [17] . In contrast to that study, the strength training program in this study was lower in intensity but meaningful in the changes seen in physical performance, as noted earlier, suggesting that voluntary increases in leisure-time physical activity may be the result of participants feeling better. This is relevant because patients on haemodialysis are less active than healthy sedentary controls and than those of younger age [34] .
The strengths of this study include the use of an attention-control group, which reduces the confounding effect of motivation and socialization of a supervised exercise program. Exercise adherence was good considering that none of these patients had previous experience with this type of structured exercise and that 66% of the participants were of an ethnic minority background. Limitations of this study are that we did not include a long-term follow-up necessary to assess exercise effects on clinical outcomes. However, the shorter duration of the study is similar to that reported in other studies of kidney failure patients. We were unable to blind participants and testers to group allocation and behaviour change, which could influence outcome measures.
It is difficult to assess the generalizability of this pilot study. We recruited 27% of eligible patients, and less than half of these (40%) completed 48 exercise sessions and final testing. It is possible that only a small fraction of dialysis patients would be motivated and physically capable of intra-dialytic, low-intensity strength training. However, it is also possible that a higher fraction of patients would be able and willing to participate in an exercise program that was implemented as part of routine medical care rather than part of a study. This will need to be investigated further.
In conclusion, intra-dialytic low-intensity strength training was safe and effective in older adults with kidney failure. Strength training improved physical performance, nutritional status and physical activity. Our findings suggest that this exercise modality is promising as an adjunct to routine care of patients with kidney failure treated by haemodialysis. These findings need to be confirmed in larger and longer-term trials. If replicable, they may contribute to the evidence-based information necessary to safely implement strength exercise as part of routine care in dialysis units.
